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ABSTRACT 4 

Chitosan (CS) reacted with different organic reagent to give CS-CA, CS-CN, and CS-TEOF. 5 

The CS-TEOF reacted with 2-aminothiophenol, 2-aminophenol and phenyl hydrazine to give 6 

the CSTEOF-ATP, CSTEOF-AP and SCTEOF-PH, respectively. The modified chitosan 7 

derivatives were representing the N-S, N-O and N-N, as chelating centers were treated with 8 

the aqueous solution containing a mixture of different metal ions (Cu2+, Cd2+, Fe3+, Co2+, 9 

Pb2+, Mn2+, Hg2+, Cr3+, Pd2+)  to investigate their selectivity and their metal uptake capacity. 10 

The N-O chelating center selective Fe, Co and Cu while O-O selective for Pb, Cr, Ca, Ni, Cd 11 

and Pd. The N-S was selective to Cu(II) than N-N chelating center. The removal capacity by 12 

modified chitosan ligands for Ca2+,,Cd2+, Fe3+, Co2+, Pb2+, Mn2+ exceed 80%. The 13 

morphology of the modified polymer and their metal complexes were studied. The bioactivity 14 

of chitosan was improved through modification with sulfur containing compounds.  15 

Keywords: Chitosan, wastewater treatment, metal complex, bioactivity 16 

1. INTRODUCTION 17 

Chitosan modifications have received great attention in last few decades.  Polyfunctional 18 

chitosan determines one of the highest among natural polysaccharides metal binding ability. 19 

This enables chitosan application as a ligand not only for recovery, concentration of metal 20 

ions and separation, but as a matrix component of metal-containing catalysts, optical devices, 21 

chromatographic substrates, medicinal drugs and antimicrobial [1]. The potential effects of 22 

chitosan in the environmental treatment for metal removal of different fields have attracted 23 

great interest [2-13]. Industry considered as one of the major sources of heavy metal pollution 24 

of water [14-16]. 25 

The good behavior of chitosan toward metal binding have promoted a steady growth of 26 

interest in theoretical and experimental studies and its derivatives interactions with metal ions 27 

[17–19] and the growth of simple and economically methods for the preparation of 28 

derivatives with increased selectivity and sorption [2,3,20–23]. Heavy metals are 29 

accumulating in living organisms causing many diseases such as cardiovascular effects, 30 

bladder, skin lesions, lung cancers, and anemia [24]. Ions of elements such as Hg(II), Pb(II), 31 



Cr(III),  Cd(II), Co(II), Cu(II) and Ni(II) are toxic to the aquatic systems. It is well-known 32 

that the Cr (VI) is toxic to living systems and must be removed from wastewater before it can 33 

be discharged. The removal of Cr (VI) through acid catalyzed chemical reduction of Cr3+and 34 

then precipitation as hydroxide at alkaline conditions was reported [25-27]. The Cu ions at 35 

certain level of concentrations it can become toxic to humans, causing cancer and promoting 36 

oxidation. The removal of Cu by chitosan and precipitation as copper hydroxide by lime was 37 

also reported [28, 29]. On the other hand, chitosan and its derivatives have attracted 38 

considerable interest due to their antimicrobial and antifungal activities [30]. The chitosan 39 

metal complex showed an effect on microorganisms. Wang et al.[13] mentioned that after 40 

chitosan binding the metal ions through oxygen, nitrogen or both, the bindings are likely to 41 

leave some potential donor atoms free which enhance the bioactivity. Chitosan is used as a 42 

pharmaceutical agent in biomedicine, a human dietary supplement for weight loss, 43 

cholesterol reduction, a hydrating agent in cosmetics, and an antimicrobial food wrap [31-44 

34]. In advance the antimicrobial activity of chitosan showed that low molecular weight 45 

chitosan exhibited strong bactericidal activities as compared by that with high molecular 46 

weight. The result of antibacterial activity of chitosan–copper complexes against Salmonella 47 

indicated that the complexes with molar ratio close to 1:1, exhibited inhibition rate reached 48 

100% [6]. In this article chitosan was modified to give new types of chelating centers like N-49 

O (structure A & E), N-N (structure B & C), N-S (structure D), and O-O (oxygen atoms of 50 

chitosan) which would increase the capacity and metal uptake selectivity (cf. Scheme 1). On 51 

the other hand, we aimed to increase the bioactivity of chitosan by its modification. 52 

Bioactivity of the modified chitosan and metal complex against bacteria and fungi were 53 

investigated. The structures were established based on elemental analysis, spectral data, SEM 54 

and XPS. 55 
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Scheme 1. Suggested and aimed chelating centers 57 

 58 

2. Experimental 59 

2.1. Materials 60 

Chloroacetonitrile, chloroacetone, triethyl orthoformate (TEOF), 2-aminothiophenol and 2-61 

aminophenol was used as received. All metal salts and other chemicals were reagent grade 62 

and used without further purification. 63 

2.2. Characterization Methods 64 

2.2.1. Elemental Analysis 65 

Elemental analysis was performed at Analab, on LECO CHNS – 932, Faculty of Science, 66 

Kuwait University. 67 

2.2.2. IR Spectra 68 

IR spectra are recorded as KBr discs of monomers, polymers and the metallo-polymer 69 

complexes on Perkin-Elmer System 2000 FT-IR spectrophotometer (Kyoto, Japan). 70 

2.2.3. Scanning Electron Microscopy (SEM) 71 



Scanning Electron Microscopy (SEM) for the polymers and their metallopolymer complexes 72 

were examined at room temperature in a model JSM 6300 JEOL scanning electron 73 

microscope (Akishima, Japan) at 20 kV. 74 

2.2.4. X-Ray Photoelectron Spectroscopy (XPS) 75 

XPS spectra were recorded on a Thermo ESCALAB 250 Xi using monochromatic Al Kα 76 

radiation (1486.6eV) with a spot size of 850µm.The spectra acquisition and processing were 77 

carried out using the software Thermo Avantage, version v5.956. 78 

XPS analysis was done on a sample containing C, N, O and metal. XPS spectra were 79 

recorded on a Thermo ESCALAB 250 Xi using monochromatic Al Kα radiation (1486.6eV) 80 

with a spot size of 850µm.The spectra acquisition and processing were carried out using the 81 

software Thermo Avantage, version v5.956. The sample was stuck on the sample holder 82 

using a double-sided carbon tape and then introduced into the preparation chamber and was 83 

degassed until the proper vacuum was achieved. Then it was transferred into the analysis 84 

chamber where the vacuum was 10-10 mbar. The analysis was carried out using the following 85 

parameters: Pass energy of 20eV, dwell time 50ms and the Step size 0.1eV. The XPS spectra, 86 

both the deconvoluted and non-deconvoluted are shown in the figures. 87 

2.3. Synthesis  88 

2.3.1. Preparation of CS-TEOF: Reaction of Chitosan with TEOF  89 

To 100 mL of toluene containing chitosan film (4x5 cm), TEOF (0.01mol), was added. The 90 

reaction mixture was refluxed for 12hr. The obtained films were refluxed in ethanol for 1h. 91 

2.3.2. Preparation of CS-CA and CS-CN: Reaction of chitosan with  chloroacetone and 92 

chloroacetonitrile  93 

To 100 mL of toluene containing film of chitosan (4x5 cm) and sodium carbonate (2g), 94 

chloroacetone or chloroacetonitrile (0.01 mol) was added (Why mole ratio fixed as 95 

0.01 mol??? Need an explanation). The reaction mixture was reflux for 10 hr. The 96 

obtained modified chitosan derivative films were refluxed in ethanol for 1hr. 97 

2.3.3. Preparation of CSTEOF-ATP, CSTEOF-AP and CSTEOF-PH: Reaction of CS-TEOF 98 

with amines 99 



To 100 mL of toluene/ethanol mixture (3:1) containing film of CS-TEOF (4x5 cm), 2-100 

aminothiophenol or 2-aminophenol, phenyl hydrazine (0.01 mol) was added (Why mole 101 

ratio fixed as 0.01 mol??? Need an explanation), and then heated under reflux for 102 

10hr. The produced modified chitosan derivative films were refluxed in ethanol for 1hr. 103 

2.3.4. Preparation of metallo-polymer complex 104 

To hot solution of metal nitrate salts (0.01 mole) (Why mole ratio fixed as 0.01 105 

mol??? Need an explanation)  in DMF, CS-CA film (4x5 cm) was submerged and then 106 

heated under reflux for 5hr. The metallo-polymer complex films obtained were purified by 107 

heat in ethanol for 1hr. 108 

2.3.5. Ion selectivity 109 

To an aqueous solution containing (0.01 mol) of metal nitrate mixture (M = Cu2+, Cd2+, Fe3+, 110 

Co2+, Pb2+, Mn2+, Hg2+, Cr3+, Pd2+), modified chitosan film was added (Why mole ratio 111 

fixed as 0.01 mol??? Need an explanation). The mixture was left for 24hr with 112 

stirring. The reaction product was filtered, and ICP measurements of the metal contents for 113 

the original solution and the obtained filtrate were measured. 114 

2.3.6. Concentration of metal ions in the Gulf Water Samples 115 

5L of real sample of Gulf water was pre-concentrated to a final volume of 150 mL. The metal 116 

ions concentration was determined by ICP-OES. 150 mL of the pre-concentrated sample was 117 

divided into three portions of 50.0 mL and then treated with modified chitosan film under a 118 

shaking rate of 350 rpm for 24hr. The mixture was filtered and the polymer film washed 119 

several times with doubly distilled water. The results of ICP-OES measurements before and 120 

after treatment and the percent of metal uptake onto the chelating polymer are computed 121 

according to the following equation;  122 

% sorption = [Ci – Cf  / Ci] x 100       eq. (1) 123 

Where, Ci and Cf are the initial and final concentration of the metal ion (mg/L or in μg/L) 124 

before and after treatment, respectively. The results are the average of triplicate 125 

measurements, and the precision in most cases is very close to 1.5 %. 126 

2.3.7. Procedure of antimicrobial tests 127 



A solution or suspension of the tested modified polymers and polymer metal complexes (0.01 128 

mole), [prepared by dissolving 400 g/mL (w/v) in sterile DMSO????] (Why mole ratio 129 

fixed as 0.01 mol??? Need an explanation) was poured aseptically in a well of six 130 

mm diameter made by a borer in the seeded agar medium. After transferring via pipette the 131 

same volume in wells of all tested microorganisms, bacteria test plates were incubated at 132 

37oC for 24 hr and fungal test plates were incubated at 25oC for 48 hr. The activities were 133 

expressed as inhibition zones (mm, diameter, as clear areas). The least concentration, which 134 

showed inhibitory effect on any specific microorganism, was considered as the minimum 135 

inhibitory concentration (MIC) which was determined using streptomycin and mycostatin (50 136 

g/mL) as the references. 137 

3. RESULTS AND DISCUSSION 138 

3.1. Modification of Chitosan and Characterization 139 

Chitosan (1) alkylated with chloroacetone and chloroacetonitrile in the presence of sodium 140 

carbonate to give the N-alkylated products 2 and 3, respectively (Scheme 2). The reaction 141 

product was established based on the IR spectrum for example modified polymer, CS-CA (2) 142 

displayed two carbonyl bands at 1678 and 1649 cm-1, while CS-CN (3) showed the cyano and 143 

amide carbonyl groups at 2244 and 1649 cm-1, respectively (Table 1).  Moreover, chitosan 144 

reacted readily with triethyl orthoformate to give, CS-TEOF, 4. The structure of derivative 4 145 

was established based on IR which reveals the presence of new band at 1659 cm-1 for C=N, in 146 

addition to the presence of new band at 3098 for imine-H and NH band at 3343 cm-1 for 147 

amide  NH2 and disappearance of amino group of chitosan which exhibited two bands at 148 

3393, 3168  cm-1 (Table 1). 149 
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Scheme 2. Modification of chitosan with different organic reagents 152 

CS-TEOF reacted with 2-aminothiophenol, 2-aminophenol and phenylhydrazine in a mixture 153 

of toluene/ethanol (1:1) to afford the modified chitosan 5-7 (scheme 3). The structure of 154 



compounds CSTEOF-ATP (5) was assigned as reaction product depending on the elemental 155 

analysis which showed a sulfur analysis 6.72%. It is worth to be mentioning that the sulfur 156 

percent increases with the duration of heating. Moreover, the IR reveals the presence of new 157 

aromatic C-H band at 3099. Derivative 6 was established based on IR which showed the 158 

hydroxyl and NH groups at 3459, 3406, 3335-3210 cm-1 in addition to new band at 3135 cm-1 159 

which assigned for the aromatic C-H. Similarly, compound 7 was established as a reaction 160 

product (what was % of functionalization???, at least roughly or anticipated 161 

% of functionalisation) (any studies carried out on these information may 162 

be included). 163 

 164 

O

O
O

NHO

HOH2C

NHHS

O

O
O

NHO

HOH2C

HN

O

O
O

NHO

HOH2C

NHHO
NH

5 76  165 

Scheme 3. Synthesis of N-N, N-O and N-N chelating centers 166 

 167 

3.2. Complex Formation 168 

The modified chitosan CS-CA was refluxed with metal salt solution in suitable solvent to 169 

give the corresponding complexes. The structures of the obtained complexes were established 170 

based elemental analysis, FT-IR (cf. Table 1) and XPS data. The XPS of metallo-polymer 171 

complex structure confirm the presence of the metal chelation and it refers to the center of 172 

chelation through study the binding energy. 173 

3.3. X-Ray Photoelectrons Spectroscopy (XPS)  174 

Modified chitosan CS-CA was heated with different metal ions e. g. Cd(II), Cu(II) and Pd(II) 175 

to give the corresponding complexes. XPS Fig.(1A) shows the core level spectra of Cd (3d) 176 

consisting of the Cd3d5/2
 ,Cd3d5/3 components located at 405.45 and at 412.08 eV 177 

respectively. The structure A or B was suggested as a reaction product. The results suggest 178 

the binding energy of Cd is attributed to Cd2+ bonding state [35] and assigned to Cd-O bond. 179 



Thus, structure B was ruled out while, structure A (scheme 4) was assigned as a reaction 180 

product. 181 

The peak at 934.07 eV in the Cu2p XPS spectrum Fig. (1B) suggested the coordination 182 

bonding between Cu and the nitrogen of polymer (Cu-N). The Cu2p XPS spectrum 183 

evidenced Cu+ (932.7eV) and Cu2+ (934.07eV) in polymer-Cu complex, which confirmed 184 

that metals may be simultaneously redox-transformed when complexed with polymer. The 185 

peak at binding energy 953.8 eV assigned for Cu-O bond. Structure B (scheme 4) was 186 

assigned as a reaction product. Fig. (1C) shows the XPS spectra of PdCl2 with CSCA-187 

PdCl2. The XPS data shows that the Pd3d centered at 337.1 and 342.5 eV were assigned to 188 

Pd(II) species and mostly for Pd-O bond. Structure A (scheme 4) was assigned as a reaction 189 

product. Figure 2 shows the XPS spectra of Pd(II) with CSCA-PdSO4 complex. Similarly, 190 

Structure A was assigned for the CSCA-PdSO4 complex. In addition, the elemental analysis 191 

of CSCA-PdSO4 complex showed 5.97 sulfur %. All binding energy values for metal-192 

polymer complex are slightly different than what was mentioned in literature. The difference 193 

could be attributed to the coordination action of metal and modified chitosan polymer. The 194 

Cu(II) complex (structure B) different than that of  Cd(II) and Pd(II) (structure A) may be due 195 

to the difference of ionic radius in addition, the ionic radius of Cu(II) more fit with the 196 

bidentate chelating center N-O.   197 

O

NH

HOH2C

O

HO

M

X

X

O

O
O

HN

CH2OH

O

OH

O

O

A B

M

X

X

O

HN

CH2OH

O

OH

O

O

 198 

Scheme 4. Suggested complex structure depending on XPS data 199 

3.4. Ion Selectivity 200 

A mixture of different metal salts was treated with different polymers and ICP measurement 201 

for the blank solution and that of the solution after treatment for 24hr with polymer was 202 

measured. The differences refer to the metal uptake value. 203 



The results of ICP-OES measurements before and after treatment and the percent of metal 204 

uptake onto the chelating polymer are reported in Tables 2-6 and computed according to 205 

equation (1).  206 

Atomic absorption measurements for a mixture of the modified polymers CSTEOF-PH with a 207 

mixture of metal nitrate, M = Ca2+ Cd2+, Co2+, Cr3+, Cu2+, Fe3+, Mg2+, Mn2+, Ni2+or Pb2+ 208 

before and after treating with the polymer are given in Tables 2. The polymer selectivity 209 

order of modified polymer CSTEOF-PH could be arranged as follows: Pb  Co  Ca  Cd  210 

Mn > Fe  Cu  Cr  Mg 211 

It was clear from the data that CSTEOF-PH was selected for six ions (Pb,  Co, Ca,  Cd,  Mn 212 

and Fe) and less selective to Cu, Cr and Mg. The study of metal uptake of Hg(II) from 213 

aqueous solution by CSTEOF-PH is reported in Table 3. The sorption of Hg was decreased 214 

with increasing the duration to 48h instead of 24h and also decreases upon heating for two 215 

hours.   Furthermore, the polymer selectivity order of modified polymer CSTEOF-AP was 216 

reported in Table 4 could be arranged as follows: Pb  Co  Fe > Mn  Cd Ca  Cu  Cr  217 

Mg. The data reflected that CSTEOF-AP was selected for Pb , Co , Fe , Mn , Cd and Ca and 218 

less selective to Cu, Cr and Mg. The ICP data of modified chitosan CSTEOF-ATP was 219 

reported in Table 5. The CSTEOF-ATP selectivity could be arranged as follows: Pb  Co  220 

Ca  Fe  Mn  Cd  Cr  Mg   Cu.  The data showed that CSTEOF-ATP was selected for 221 

Pb, Co, Ca, Fe , Mn and Cd, The CSTEOF-ATP less selective for Cr, Mg and Cu. Generally, 222 

the data showed that the modified chitosan was selective for some metal ions depending on 223 

the type of chelating center furnished from the modification process e.g. N-N, N-O, O-O and 224 

N-S. The metal ions Fe, Co and Cu preferred N-O while Pb, Cr, Ca, Ni, Cd and Pd preferred 225 

O-O chelating center. On the other hand, copper ions more preferred N-S chelating center 226 

than N-N in the modified chitosan.  227 

3.5. Determination of Metal Ions in Gulf Water Samples 228 

Using of the modified polymer for the Gulf Ocean water analysis showed that the CS-CA 229 

was able to uptake many metal ions (such as Na, K, Mg, Ca, Co, Ni, Cu, Cd, Pb, Fe and Hg) 230 

from the Gulf ocean water. The ions Cu, Ni, Fe, Hg, and Co was measured in μg/L, while Na, 231 

K, Mg and Ca was measured in mg/L. The results of ICP-OES measurements before and after 232 

treatment and the sorption percent onto the chelating polymer are reported in Table 6 and 233 

calculated according to equation (1)  234 



3.6. The Structures and Morphology 235 

Generally, the change in the surface morphology may be due to modification of the polymer 236 

or/and the introduction of the metal ions in the polymer matrix. SEM was studied to confirm 237 

the chelation of the metal ions with the polymeric chain and to study how the change of 238 

surface occurred. The SEM of modified derivatives CS-CA and there metallo-polymer 239 

complexes with different metal ions are shown in Fig.3, with 10000 magnifications. It is 240 

observed that the crystallinity of the metal complexes of CSCA-Cu complex, CSCA-Cd 241 

complex and CSCA-Pd complex is more than that of CS and its modified derivatives CS-CA. 242 

The SEM for both CS and CS-CA are showed a smooth surface. This means that the 243 

chelation mostly occurred on the surface of the polymer. Fig. 3A  SEM micrograph of CS-244 

CA seemed to be smoothed surface somewhat similar to that of chitosan.  Figure 3B and 3C 245 

SEM micrograph of CSCA-Cu complex and CSCA-Cd complex. The microgram of the 246 

CSCA-Cu complex and CSCA-Cd complex are similar in surface which looks like tubes in 247 

its shape. On the other hand, Fig. 3D SEM micrograph of CSCA-Pd complex. Pd-complex 248 

showed a different change in the surface as seen from the figure as compared by Cu-complex 249 

and Cd-complex. 250 

3.7. Biological Activity 251 

The well known diverse biological activities of compounds containing sulfur and nitrogen as 252 

components of organic compounds [36-40], in addition to chitosan prompted us to test and 253 

study the antibacterial activities and antifungus of some of the modified chitosan and 254 

metallopolymer complex. Table 7 shows that most of the tested compounds had high to low 255 

activity against tested microorganisms. It was reported that chitosan derivatives killed 256 

bacteria through disrupting the inner and the outer membrane [41].  257 

From Table (7) most of the tested compound showed high to low effect against bacteria and 258 

fungi. Thus, CS-CN, CSTEOF-AP and CSTEOF-ATP exhibit severe effect against S. aureus, 259 

while CS-CN and CSTEOF-ATP showed severe effect against B. subtilis. In addition, CS-260 

CN, CS-TEOFF, CSTEOF-ATP and CSTEOF-ATP exhibit severe effect against E. coli. The 261 

tested compound showed medium to low effect against Salmonella, while CS-TEOF, 262 

CSTEOF-PH and CSTEOF-ATP showed high effect against Candida albicans. CSCA-Cu 263 

complex showed a severe effect against S. aureus, E. coli and Salmonella.  Investigations of 264 

CS-CA showed a moderate to slight effect in case of bacteria and non effect was reported 265 

against both tested fungi. 266 



4. CONCLUSION  267 

In this article chitosan was updated through modification under normal condition. The 268 

modifications carried out by the reaction of different organic reagents with amino group as 269 

active site in chitosan. Further reactions with the modified chitosan were also successes and 270 

leading to produce different chelating active centers and biologically active derivatives. The 271 

using of the modified chitosan in waste treatment was investigated. The data showed that the 272 

modified chitosan was selective for some metal ions depending on the type of chelating 273 

center furnished from the modification process e.g. N-N, N-O, O-O and N-S. The metal ions 274 

Fe, Co and Cu preferred N-O while Pb, Cr, Ca, Ni, Cd and Pd preferred O-O chelating center. 275 

Copper ion preferred N-S chelating center than N-N in the modified chitosan. The removal 276 

capacity by modified chitosan ligands for Ca2+,,Cd2+, Fe3+, Co2+, Pb2+, Mn2+ exceed 80%. 277 

The modifications and complexation have a significant impact on the morphology of the 278 

produced products. Some of the modified chitosan and their complexes have showed a 279 

significant effect on fungi, gram positive and gram negative bacteria. 280 
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Fig. 1. Xps data of modified CS complex (A) CSCA-Cd complex; (B) CSCA-Cu complex 418 

and (C) CSCA-Pb complex 419 



 420 

Fig. 2. XPS data of CSCA-PdSO4 complex 421 

 422 

       423 

    424 

Fig. 3. SEM image with 10000 magnification (A) CS-CA; (B) CSCA-Cu complex; (C) 425 

CSCA-Cd complex; (D) CSCA-Pd complex 426 
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Table 1 Elemental analysis and IR of chitosan, modified chitosan and metal complexes  427 

Compound C% H% N% S% IR (cm-1)
CS 39.04 7.53 5.88 3393, 3168 (NH, NH2); 2924, 2880 

(CH), 1642 (C=O), 1554, 1408, 1321
CS-CA 41.12 7.02 5.62 3348, 3294, 3235, 3199, 2881,1678, 

1649, 1559, 1380, 1317, 1257, 1150, 
1104, 1009, 896, 614

CS-CN 39.07 7.39 6.76 3358, 3216, 2886, 2244, 1649, 1551, 
1377, 1316, 1150, 1112, 1025, 896, 
612

CSTEOF-PH 48.74 6.90 7.10 3343, 3098, 2993, 2882, 1652, 
1647,1552, 1384

CSTEOF -ATP 55.25 7.22 9.51 6.72 3459 ,3342, 3285, 3200, 3135, 2884, 
1650, 1561, 1381

CSTEOF -AP 41.80 6.52 6.97 3469, 3406, 3335, 3283, 3248, 3210, 
3099, 2926, 2884, 1705, 1653, 1559, 
1406, 1324

CSTEOF S-AP-Cu 39.21 6.36 7.99 3469, 3406, 3335, 3283,3248, 3210, 
3099, 2926, 2884, 1653, 1559, 1406, 
1324

CSCA-PdSO4 33.53 6.43 5.32 5.97 3596, 2648, 1630, 1590, 1513, 1421, 
1350

CSCA-Cu 33.56 6.10 8.72 3426, 3345, 3254, 3150, 3107, 3008, 
2977, 2838, 2080, 1680, 1632, 1535

CSCA-Cd 32.17 5.80 8.54 3636, 2680, 2076, 1727, 1671, 900
CSCA-PdCl2 39.79 6.75 6.09 3624, 2487, 2129, 1686

 428 

Table 2 Ion selectivity (ICP)  of different metal ions from aqueous solution by CSTEOF-PH 429 

Metal 
ion 

(Ci) (Cf) (Ci  - Cf) Sorption

mg/L mg/L % 
    

Ca 1642.5 184.5 1458 88.8 
Cd 2366.8 336.8 2030 85.8 
Co 1836 161.3 1674.7 91.2 
Cr 2382.6 912.5 1470.1 61.7 
Cu 1877.5 703.8 1173.7 62.5 
Fe 2420.56 461.7 1958.86 80.9 
Mg 1485.5 686.1 799.4 53.8 
Mn 1795.5 265.1 1530.4 85.2 
Pb 3315.1 281.7 3033.4 91.5 

   (mention as ions in the table)  430 

Table 3 Ion selectivity of  Hg(II) ions from aqueous solution by CSTEOF-PH 431 

Reaction Ci  Cf Ci–Cf  Sorption 



time (h) mg/L mg/L (units???) % 

    

After 
24h 

165398 24236 141162 85.3 

After 
48h 

165398 87873 77525 46.9 

After 
heating 

2h 
165398 99123 66275 40.1 

   432 

Table 4 Ion selectivity (ICP) of different metal ions from aqueous solution by CSTEOF-AP 433 

Metal 
ion  

Ci  Cf  Ci - Cf 

Unit???
Sorption 

mg/L mg/L % 
      

Ca 1642.5 248.6 1393.9 84.9 
Cd 2366.8 351.2 2015.6 85.2 
Co 1836 222.6 1613.4 87.9 
Cr 2382.6 876.5 1506.1 63.2 
Cu 1877.5 612.5 1265 67.4 
Fe 2420.56 326.1 2094.46 86.5 
Mg 1485.5 650.3 835.2 56.2 
Mn 1795.5 244.9 1550.6 86.4 
Pb 3315.1 349.5 2965.6 89.5 

   (mention as ions in the table)  434 

Table 5 Ion selectivity of different metal ions from aqueous solution by CSTEOF-ATP 435 

Metal 
ions 

Ci  Cf 
Ci - Cf 

Unit??? 
Sorption % mg/L mg/L 

    

Ca 1642.5 199.2 1443.3 87.9 

Cd 2366.8 463.8 1903 80.4 

Co 1836 215.7 1620.3 88.3 

Cr 2382.6 789.5 1593.1 66.9 

Cu 1877.5 555.8 1321.7 70.4 

Fe 2420.56 358.4 2062.16 85.2 

Mg 1485.5 487.3 998.2 67.2 

Mn 1795.5 296.7 1498.8 83.5 

Pb 3315.1 358.8 2956.3 89.2 

  (mention as ions in the table)  436 

Table 6  ICP-OES Results of a Gulf Ocean Water Sample before and after Treatment with 437 

the Chelating polymer CS-CA 438 



 439 

Metal 
ion 

Ci  

units??? 
Cf 

units??? 
Ci - Cf 

units??? 
% of 
metal 

uptake 
aNa+ 16427.55 2451.6 13975.95 85.1 
aK+ 763.9 164.9 599 78.4 

aMg2+ 1611.4 123.3 1488.1 92.3 
aCa2+ 509.5 31.3 478.2 93.9 
bCo2+ 2.54 0.156 2.384 93.9 
bNi2+ 13.75 0.177 13.573 98.7 
bCu2+ 13.7 2.3 11.4 83.2 
bCd2+ BDL ND     
bPb2+ 74.2 15.6 58.6 79.0 
bFe3+ 1.07 0.11 0.96 89.7 
bHg2+ 15.1 1.2 13.9 92.1 

a: Ci in mg/L; b: Ci in μg/L; ND: not detected; BDL: below detection limit. 440 

 441 

Table 7  In vitro bactericidal and fungicidal activity of some newly synthesized compounds 442 

Compound S. aureus B. subtilis E. coli Salmonella Candida albicans 

CS-CA 

CS-CN 

CS-TEOF 

CSTEOF-PH 

CSTEOF-ATP 

CSTEOF-AP 

CSCA-Cu 
complex 

++ 

+++ 

++ 

++ 

+++ 

+++ 

+++ 

++ 

+++ 

++ 

++ 

+++ 

++ 

++ 
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+++ 
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++ 
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+++ 

Nil 

++ 
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+++ 

Nil 

++ 
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+++ 
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+ 

++ 

Slight effect = +;  Moderate effect = ++ ; Severe effect = +++p??? (Explain in the 443 

text) 444 


